Gas generating propellants are used as initiators of liquid rocket propellants turbopumps and have as desired characteristic a high-volume production of low temperature gas. In this context, some formulations of composite propellant containing polyurethane (based on liquid hydroxyl-terminated polybutadiene), guanidine nitrate, ammonium perchlorate, and additives were evaluated and characterized in order to verify their potential as gas generator propellant, as well as to evaluate the influence of additives on mechanical properties. The formulations were prepared, analyzed, and tested for mechanical properties.
INTRODUCTION
The composition of solid propellants consists basically of a binder such as polyurethanes based on liquid hydroxyl-terminated polybutadiene (HTPB), an oxidizer such as ammonium perchlorate, curing agent, plasticizer, metallic additives, ballistic modifiers, among others (Kishore and Sridhara 1999) . The propellant may have different purposes depending on its formulation, ranging from low-temperature gas generator to rocket-propellant.
The gas generator propellant, in turn, can have a wide range of applications: in-car safety systems (airbags), fire extinguishers (Puccio et al. 2011) , or even as a liquid rocket-motor turbopump initiator (Salgansky et al. 2019; Harikrishnan et al. 2018) . This type of material has as its main characteristic the production of a large volume of gases in a small-time interval (Puccio et al. 2011) . Besides, these gases are produced with temperatures lower than propellants commonly used in solid propulsion (Almeida and Pagliuco 2014) . The low adiabatic flame temperature imposes a challenge for this type of propellant to ignite and maintain a self-sustaining burning.
Therefore, this work aimed to evaluate and develop a propellant formulation that produces gases with temperatures below 1100 o C and with appropriate mechanical properties (Almeida and Pagliuco 2014) . The temperature is limited due to the application of this propellant in turbopumps and must not exceed the temperature that would cause damage to their blades. properties must be adequate to prevent the formation of fractures in the gas generator grain, which otherwise could cause an explosion during burning. Thermodynamic calculations were conducted to determine the gas temperature and optimize the formulation. The formulations were prepared, analyzed, and submitted to mechanical tests.
MATERIALS AND METHODS
The propellant samples were prepared based on the composition described in Table 1 , using HTPB (Liquiflex -batch 19/90) as a binder; as solid load: ammonium perchlorate (IAE -batch 002/2014) and guanidine nitrate (GUNI, Chemical Point -batch CP4139) as oxidizers, and copper acetylacetonate (CuAA), synthesized according to Cardoso et al. (2019) , as a catalyst for thermal degradation of HTPB. Dioctyl adipate (DOA, Scandiflex -batch 712040004) was used as a plasticizer, silicone oil (Anhydrolbatch 32701) as a ballistic modifier, iron oxide (Fe 2 O 3 , IAE -batch 01/UCA/10) as a burning catalyst, tepanol (IAE Synthesis Laboratory) as a bonding agent and isophorone diisocyanate (IPDI, Hülls -batch 11/0016) as a curing agent. The mechanical properties were obtained through a ZWICK 1474 optical strain transducer, according to the STANAG 4506 technical standard. The hardness tests were performed on an INSTRON S1 durometer based on ASTM D2240. All formulations of propellant grain samples have been evaluated for gas-burning temperature using the Fraunhofer ICT program version 7.0 (2004).
RESULTS
An essential requirement for a gas generator propellant for aerospace application is the temperature of the gases exiting the nozzle throat, which has to be lower than 1100 °C (Almeida and Pagliuco 2014) . All the developed formulations met this requirement, with temperatures in the order of 890 °C. Another important aspect is the amount of carbon generated in the combustion of this type of propellant, typically in the range of 5-15% (Sutton and Vriesen 1979) , resulting from the low oxidizer/fuel ratio to avoid high temperatures. In the formulations developed in this work, this issue was mitigated by the use of an oxidizer with low combustion enthalpy (guanidine nitrate), resulting in a fraction of residual carbon in the order of 1%. Regarding the mechanical tests, the samples were analyzed for their tensile and deformation resistance (Fig. 1) . Figure 1 shows that the removal of the burning catalyst (B) did not modify the mechanical properties in relation to the reference sample (A). On the other hand, the incorporation of the bonding agent (C), as well as the plasticizer (D), increased the maximum stress and strain of the samples. Regarding the hardness (Shore A), all samples presented values in the order of 75 ± 1. Therefore, the insertion of the bonding agent modified the profile of the stress versus strain curve, with a second apparent linear region before the maximum stress, related to the interaction between the bonding agent and the solid load (Sciamareli et al. 2002) . 
CONCLUSION
This work studied formulations of solid composite propellant of gas generator type, evaluating the influence of additives on the material mechanical properties. The incorporation of the bonding agent was responsible for the most important variations, causing an increase in maximum stress and strain, bringing the material closer to ideal properties. Changes in the concentration of other additives (burning catalyst, plasticizer) did not show significant variations.
